We present ultrafast pump-probe reflectivity and Doppler spectrometry of a silicon target at relativistic laser intensity. We observe an unexpected rise in reflectivity to a peak approximately ∼9 ps after the main pulse interaction with the target. This occurs after the reflectivity has fallen off from the initially high "plasma-mirror" phase. Simultaneously measured time-dependent Doppler shift data show an increase in blue shift at the same time. Numerical simulations show that the aforementioned trends in the experimental measurements correspond to a strong shock wave propagating back towards the laser. The relativistic laser-plasma interaction indirectly heats the cool-dense target material adjacent to the corona, by hot electron induced return current heating, causing it to explode violently. The increase in reflectivity is caused by the transient steepening of the plasma density gradient at the probe critical surface due to this explosive behaviour.
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High-intensity, femtosecond laser pulses are capable of producing hot, dense plasma. [1] [2] [3] A good understanding of the properties of hot-dense plasma is required to study high energy density science 1 as well as for progress in applications like plasma based accelerators, 4-7 radiation sources, 8-10 inertial confinement fusion (ICF) research 11 etc. The generation and evolution of intense laserproduced plasmas is still not very well understood. The plasma conditions during intense laser-matter interaction change on an ultrafast time scale. 2, [12] [13] [14] [15] [16] [17] Experimentally tracking the ultrafast dynamics of plasma in the interaction region is a challenging proposition due to the exceptionally high temporal, and high spatial resolutions required for this task. Pump-probe reflectometry and Doppler spectrometry are effective tools in understanding the ultrafast dynamics of plasma and thereby evolution of shock waves. [13] [14] [15] [16] [17] Previous studies 13-16 on ultrafast lase-plasma dynamics have illuminated a number of aspects of the hydrodynamic nature of plasma in the first few picoseconds of the interaction. It also uncovered a * Electronic address: grk@tifr.res.in previously unidentified hydrodynamic process 16 in which sound waves are generated by a traffic-jam like instability occurring in the plasma due to the laser prepulse. These studies [13] [14] [15] [16] have highlighted the importance of using a diagnostic with a picosecond or even sub-picosecond temporal resolution, also indicate that the evolution in the first 20 ps can sometimes be quite complex. The precise trajectory of the evolution is seen to be sensitive to the laser prepulse levels which essentially determine the nature of the "target" with which the main pulse interacts and such phenomena can be observed by an optical probe. High levels of prepulse present an extended low-density plasma in which a range of dynamics may be seen, 13, 16 and the separation between the pump and probe critical surface can become important. On the other hand, having no prepulse means that, the optical probe is essentially reflecting from the surface of the target plasma at the same location at which the pump is being absorbed.
In the present study, a system is considered in which the laser contrast is high, yet there is sufficient energy in the prepulse to form a limited preplasma. This turns out to have an interesting consequence as the cold target rapid rise in the reflectivity up to ∼ 35% (at ∼ 9 ps), followed by a further decay at later times (> 10 ps).
We simultaneously measured Doppler shifts of the probe reflected from its critical layer. The time dependent Doppler shifts of the reflected probe spectra are presented in Fig. 2(b) . Doppler shifts also correlate with reflectivity peaks and dips. For an instant a rise in blue shift is observed at the same time (at ∼ 7 ps) when the reflectivity starts to increase. This reflectivity dip matches with a decrease in the blue shift (at ∼ 7 ps) and the second reflectivity peak matches with enhanced blue shift (at ∼ 9 ps).
We also performed simulations to understand the experimental observations. Initially, the radiationhydrodynamics code Hyades was used to model the interaction of the laser prepulse with the silicon target. 
